Introduction to urbanization and soils in cities
We are living in an ever increasingly urbanized world, where greater than half of the world's population currently lives in an urban landscape and population growth models predict this trend continuing throughout this century ( Millennium Ecosystem Assessment 2005 ) . While this marks a dramatic transformation for the human population with respect to economics, politics, and social interactions, there are also highly signifi cant environmental changes that accompany urbanization that impact human well-being through direct and indirect infl uences on the ecosystem services that cities provide. Despite the seeming disconnection that cities have from nature, there are very real linkages between urban populations and ecological patterns and processes that become very apparent through the lens of ecosystem services.
The notion that cities provide ecosystem services can at fi rst thought seem contradictory. Cities for many years have been considered extractive systems reliant upon the landscapes around them ( Cronon 1991 ) , with ecological footprints that far exceed non-urban ecosystems ( Rees 1997 ) . However, even within the densest urban centers, there remains the presence of remnant ecosystem patches as well as living systems that were designed to function within the city. Urban theoretical perspectives in the last decade have developed around the consideration of cities as urban ecosystems ( Pickett et al. 2001 ) . Thus, cities can be viewed as ecosystems that do provide ecosystem services ( Bolund & Hunhammar 1999 ) . This has the potential to complicate our view of an urban landscape, because at the same time that they potentially generate ecosystem services at the local level, cities have signifi cant negative impacts on ecosystem services from a regional perspective. In this chapter, I will highlight the impacts on, constraints for, and potential to develop ecosystem services in cities using soilbased services as examples. First, I review the impacts cities have on soils, distinguishing between direct and indirect effects that are important for soil ecosystem services. Then I discuss specifi c urban soil-based ecosystems services within the framework of the Millennium Ecosystem Assessment. I conclude with a discussion of management implications that are important for both the study and promotion of urban soil ecosystem services.
Urbanization effects on soils
Cities have many environmental impacts on their immediate environments that can alter ecosystem services. One of the universal infl uences urbanization has on soils is that soil formation factors within cities are often greatly diverted from more "natural" trajectories. Moreover, the infl uence of management, land-use, and development on the nature of urban soils is often dominated by the incorporation of anthropogenic material and fi ll in the "parent material" of urban soils, something that contributes to the high degree of spatial heterogeneity found in urban soils and urban ecosystems ( Effl and & Pouyat 1997 ; Pickett & Cadenasso 2009 ) . Within the context of ecosystem services, it is useful to describe urban effects on soils as either 1) direct (resulting from the physical process of urbanization and land development), or 2) indirect (the cascading effects that are the result of the presence and functioning of a city), because this dichotomy provides different ways to manage cities and the urban environment to affect the provision of ecosystem services.
Direct effects
Direct impacts on soils are the result of changes to physical properties of soils, a shift in inputs to soils, or the inclusion of imported materials in soil profi les. Soil compaction is a universal trait of urban soils. Usually the result of the physical clearing and grading of land by heavy machinery, soils can also become compacted in cities due to the proximity to built surfaces, which constrain the volume in which soils can exist. Compaction has many indirect infl uences on soil properties, from water holding capacity to soil biota. Plant communities in cities have been shown to be more invasible in cities due to changes in soil structure, such as compaction and hydrologic drought in riparian areas ( Sung et al. 2011 ) . These belowground-aboveground linkages can expand the reach of direct soil effects into the ecosystem at-large.
Anthropogenic infl uences due to management and artifacts of development often change the character of urban soils relative to non-urban soils in the same region. Soil formation can be conceptualized as an ecological process that results from the interactions of "formation factors" which include: climate, organisms, parent material, topography, and time that weather parent material into soil mineral particles and add organic matter to soils ( Fig. 4.3.1 ; Jenny 1941 ) . While the "organism" factor was initially considered to be insuffi cient to include the actions of humans, recent theoretical conceptualizations of soil formation have sought a more explicit role for human action (i.e. Amundson & Jenny 1991 ) and include humans as a subset of organisms in a state factor model. Other theoretical advances that have altered the state factor model to include the actions of humans in the formation of soils and soil structure as key components of urban ecosystems ( Fig. 4 .3.1 ) ( Effl and & Pouyat 1997 ; Pickett & Cadenasso 2009 ). Effl and and Pouyat ( 1997 ) achieve this by adding an explicit anthropic factor, with people in cities mediating the other state factors in the formation of urban soils, as well as contributing novel anthropogenic parent materials to soils. Pickett and Cadenasso ( 2009 ) take an approach similar to Jenny's (1941) , where the actions of people in cities serve to modify the more 'natural' soil formation trajectories. The main point with either conceptual approach is to highlight that the end result of urbanization produces regionally novel soils, the implications being that urban soils are unique in structure and function relative to non-urban soils, and this difference is the result of human management and unintended consequences.
Soil sealing is a direct impact that can disconnect an urban soil from its surrounding ecosystem. Soil sealing can be defi ned as either the physical or chemical change to such that water infi ltration is impeded ( Scalenghe & Marsan 2009 ) or the actual physical covering of soil and functionally locking it away from the environment (a broader disconnection from the ecosystem than the former defi nition) ( Wessolek 2008 ) . The net result of soil sealing is to limit, cease, or modify the interaction between a soil and its environment and forming factors. Sealed soils have manipulated properties that impact their ability to provide services that are thermodynamic, chemical, and hydrologic in nature. At its most extreme, soil sealing effectively removes a soil aerially from providing ecosystem services within an urban environment. Much literature on soil sealing treats the process as follows: fi nding correlates between indices of sealing (such as percent impervious cover) and altered ecosystem services (such as hydrologic fl ow rates) and assuming that once sealed, a soil will have its ability to provide services degraded. It is also often assumed that increasing the pervious cover in a city (and thus reducing the seal soil cover) will lead to an increase in green space, open space, plant cover, etc. However, not all reductions in pervious cover add patches that will increase the provisioning of ecosystem services in cities .
Indirect effects
While direct urban impacts will shift soil structure in ways that result in a novel ecosystem, other impacts on ecosystem services result from indirect infl uences of cities on ecosystem structure and function. Indirect effects are the result of cascades of infl uence from a direct impact though physical changes in the urban environment. Indirect effects such as urban heat islands, alterations in hydrology, chemical inputs, food web shifts, and biogeochemical cycling impacts tend to be universal in cities but vary by degree between different cities and bioregions. The urban heat island effect is a robust landscape pattern found in most urban regions. Urban temperatures are generally elevated relative to the surrounding landscape, sometimes as much as 7-12°C ( Oke 1982 ; Spronken-Smith & Oke 1998 ) . Differences in the storage of heat in construction materials along urban-rural gradients generate this pattern, where structures absorb heat during the day and radiate them back at night, increasing urban temperatures. Urban heat islands can result in reduced soil moisture contents and shifts in the rates of biogeochemical cycling . Pouyat et al . ( 1997 ) for example found that urban heat islands may contribute to enhanced rates of leaf decomposition in urban forests. Furthermore, urban heat islands alter biogeochemical cycling by affecting abovebelowground linkages due to shifts in litter inputs to soils. Warmer urban temperatures can result in a change in plant phenological properties, with leaf out occurring earlier and leaf fall occurring later in the season ( Breuste et al . 1998 ), resulting in a potential for asynchrony between plant C inputs to soils and soil detritivore activity. Plant physiological responses to the heat island can result in elevated rates of plant productivity ( Ziska et al . 2004 ) , which may lead to enhanced litter inputs from the plant canopy.
The built environment can also dramatically alter hydrologic regimes in cities through an increase in the spatial cover of impervious surfaces, which tends to decrease infi ltration capabilities within cities and result in an increase in surface runoff ( Paul & Meyer 2001 ) . Moreover, the increase in surface runoff impacts the physical structure of urban streams, causing banks to become deeply incised with a deeper depth to the water table ( Pickett et al. 2001 ) . Soils may also become hydrophobic ( White & McDonnell 1988 ) in cities, further reducing the infi ltration of water in soils. The net result for soils is that urban ecohydrology is often disconnected from precipitation inputs, with cascading effects to soil biology and soil functioning. Soil biology demonstrates complex responses to specifi c environmental conditions that are a function of city size, age, density, history, and the ecological template that urbanization occurs within. Urbanization indirectly impacts food webs through shifts in resource availability, modifi cation of species composition, and alteration of feeding behaviors and species interactions ( Faeth et al . 2005 ) . Management can indirectly infl uence soil food webs and their function with bacterial or fungal pathways responding to plant species and functional type ( Vauramo & Setälä 2010 ) . As with aboveground urban communities, the urban soil community refl ects complex combinations of refuge patches of native and endemic taxa and introduced and exotic species ( Vilisics & Hornung 2009 ). However, the contribution of exotic species to local soil fauna communities varies. While all isopods reported in forests in Baltimore are introduced exotics ( Hornung & Szlavecz, 2003 ) and there are no naive earthworm species found in the New York City region ( Steinberg et al . 1997 ) , in Baltimore, native species comprise nearly half the earthworms sampled ( Szlavecz et al . 2006 ) . While these trends are partly the result of interactions of history, biogeography, climate, and mechanisms of dispersal, current management decisions can have indirect impacts on the distribution of soil communities. For example, earthworms respond to environmental conditions brought about by differing mulching techniques ( Byrne et al . 2008 ) . Alterations in microbial Another important control point in urban biogeochemical cycles is an increase in nutrient deposition and fl ux of pollutants to urban soils ( Kaye et al. 2006 ) . Soil chemistry responds fairly predictably to measures of urbanization such as density and traffi c volume, with increased soil concentrations of heavy metals and salts in the urban core ( Pickett et al. 2001 ) . Nitrogen deposition to soils also occurs fairly predictably along urban gradients, with some modifi cation given local urban morphology ( Pouyat et al. 2008 ) . Again, the response of soil organisms is important, as soil community composition can shift and biomasses are reduced in response to the presence of heavy metals in soils ( Pouyat et al. 1994 ) and nitrogen inputs ( Treseder et al. 2004 ). Nutrient cycling rates will respond differently depending on the size of the city or the biomes that these cities occur in, which is likely a function of the nature of inputs to soils or how severe physical modifi cations (heat islands, compaction) turn out to be. Pouyat et al. ( 2010 ) report that for three cities that differ over two orders of magnitude in size (New York City, Baltimore, and Asheville) rates of litter decomposition were either elevated or suppressed in urban forests, while urban impacts on the rate of N-mineralization didn't vary with city size. Residential and municipal scale decision-making about water management and plant cover in arid cities can lead to a convergence of soil carbon accumulation rates in cities that exist in very different climatic regimes ( Pouyat et al. 2009 ) , and enhancement of microbial function and enzyme activity ( Green & Oleksyszyn 2002 ) .
Examples of ecosystem services in cities
Despite these direct and indirect urban effects, soils do provide ecosystem services in urban landscapes. To illustrate examples of links between soils and potential urban ecosystem services, I will use the MEA framework of supporting, provisioning, regulating, and cultural services (see Fig. 4 .3.2 ), where:
• Supporting ecosystem services can be thought of as the patterns and processes that underlie the other, more directly economically relevant, ecosystem services.
• Provisioning ecosystem services are the goods and products obtained from ecosystems, often conceived as either some plant product with economic value (e.g. food, fi ber) or potable water.
• Regulating ecosystem services are benefi ts that come from ecosystem processes that regulate, mediate, and control the boundaries of environmental regimes (such as those related to climate, disease, fl ooding, etc.).
• Cultural ecosystem services are non-material benefi ts from ecosystems that include aesthetics, education, and spiritual values.
Supporting ecosystem services
Urbanization affects the physical, chemical, and biological properties of soils in a way that fundamentally alters the nature of the belowground component of urban ecosystems, which ultimately shift ecosystem functions and processes related to biogeochemical cycling Zhu & Carreiro 1999 ; Kaye et al. 2005 ; PavaoZuckerman & Coleman 2005 ) . Kaye et al. ( 2006 ) suggest that cities have a fundamentally different biogeochemistry than 'natural' systems because human actions alter control points, inputs, and outputs in urban ecosystems. Nutrient cycling in urban soils is often greatly mediated by the interaction of direct and indirect impacts on urban soils that link physical, chemical, and biological structures to the emerging function .
Cities have been shown to have a negative impact on local and regional estimations of biodiversity ( Savard et al. 2000 ; McKinney 2002 ) . Soil biodiversity has not been studied to a very great extent in an urban context, where generally a much greater emphasis is placed on the diversity of birds and plants, and to a lesser extent insects and smaller vertebrates. Strong and robust patterns in urban biodiversity have been found among avifauna and plants that relate to urban geography, demography, and socioeconomics. A "luxury effect" has been described where increased plant diversity is strongly and positively correlated with metrics of economic status ( Hope et al. 2003 ) . The urban gradient approach has been successful for describing the infl uence of urbanization on soil organisms because the selection of fi eld sites in these studies holds a natural "template" constant such that differences in taxa, abundance, and diversity can be attributed to direct and indirect urban environmental factors. Gradient studies have demonstrated lower fungal abundances along urban-rural gradients, but the response of microfaunal abundances varies depending on the city and setting ( Ohtonen et al. 1992 ; Pouyat et al. 1994 ) . Importantly, for linking soil biodiversity to other ecosystem services, urbanization may not infl uence diversity indices per se, but actually impacts biodiversity via a functional shift in soil community structure, which is in turn linked to altered biogeochemical processes in urban soils ( 
Provisioning ecosystem services
Urban gardening (through allotments, community gardens, etc.) is increasing in prevalence as people try to locally produce some food products and reduce externalities of industrial agriculture. However, the physical and chemical changes that accompany urbanization often result in impaired conditions for plant growth. Heavy metal contamination in urban soils can be a concern, especially as studies have reported a transference of metals from soils to roots, stems, and leaves (although fruiting bodies may be less of a concern ( Finster et al. 2004 ) ). It is important to note that while risk may be minimal for exposure to heavy metals from consumption of products from urban gardens, subpopulations (e.g. children) may be at greater risk for exposure ( Hough et al. 2004 ) . Soils are an integral component of urban gardening, yet serve as a potential point for human health risks from a potentially benefi cial ecosystem service ( Wakefi eld et al. 2007 ). Urban soils also play an important role in storm water management for the purposes of water quality improvement. Low-impact development and green infrastructure are two environmental design elements that have important soil components in their design and function. For example, rain gardens (or bioretention cells-depressions that are graded and planted to collect and retain storm water) are considered an urban best-management practice for mitigating the fl ux of pollutants from urban landscapes into ground water and surface bodies of water ( Carpenter & Hallam 1999 ) . The design of rain gardens with respect to physiochemical soil properties such as hydraulic conductivity, bulk, density, particle size distribution, etc. has a signifi cant impact on their ability to retain nitrogen, phosphorus, and sediments in storm water, ultimately linking to the ability to provide clean water as an ecosystem service ( Carpenter & Hallam 1999 ) . On-site waste treatment systems (i.e. septic systems) also rely upon specifi c soil physical parameters for effective drainage and waste treatment ( Anderson & Otis 2000 ) . Poor siting practices including imprecise soil surveys (especially a problem in urban areas) and compaction and damage to system elements can cause irreparable damage that impairs functioning, creating a potential for pollutants and pathogens to leach off site and impair waters ( Anderson & Otis 2000 ) .
Regulating ecosystem services
Soils play an important role in regulating the hydrologic regime in cities, where even a very general property, such as percent pervious surface, can be linked to fl ood intensities ( Ogden et al. 2000 ) . Ogden et al. ( 2000 ) link other specifi c urban soil properties, such as soil saturated hydraulic conductivity to the incidence of fl ash fl oods. Cities also have indirect impacts on local hydrologic cycles, where impervious surfaces and a lack of soil moisture can create feedbacks in urban energy cycles that have the end result of increased precipitation intensity in cities ( Ashley et al. 2005 ) .
Linkages between cities and global climate change come about from different management strategies that either sequester C or increase the fl ux of greenhouse gasses from soils in cities. Soil carbon stocks may increase in certain urban land uses through time, particularly those that result in higher levels of primary productivity, such as conversion of land into golf courses and other recreational sites ( Golubiewski 2006 ) . Urban landscapes may contribute enough to greenhouse gas fl uxes that regional estimates of emissions may be underestimates ( Townsend-Small et al. 2011 ) . The net balance of greenhouse gas emissions needs to consider management approaches that have emissions related to fertilizer and fossil fuel use, or irrigation practices which may alter soil conditions to promote effl ux of CO 2 or N 2 O ( Kaye et al. 2004 ( Kaye et al. , 2005 Pataki et al. 2006 ).
Cultural ecosystem services
Urban soils are an integral component of an active learning process in urban environmental education ( Johnson & Catley 2009 ). While cultural ecosystem services are often diffi cult to place a value upon, their role in bridging gaps between people and nature cannot be underemphasized. Participation in urban restoration projects has been suggested as an important way to develop relationships with one's local ecology and progress towards "ecological citizenship" ( Light 2006 ) . Incorporation of urban soils into education and outreach programs and linking urban soils to participatory urban restoration and gardening experiences are a key way to ground urban residents in their local ecology ( Thomashow 2001 ) and help to overcome the extinction of experience that is often assumed to accompany urbanization of a population.
Management for urban ecosystem services
While our understanding of ecosystem services in urban areas itself is in relative infancy, we do know a good deal about the management of soil for the provision of ecosystem services, even if that specifi c nomenclature is not utilized. Agroecology and ecological forestry have been important to the development of soil ecology as a discipline, with management decisions and best management practices (BMPs) implemented as experimental treatments from a research perspective. The provision of ecosystem services in this context (crop or timber production, reduction in erosion, retention of nutrients, economic and cultural livelihoods, etc.) is frequently linked to the ecology of soils, diversity of soil communities, and general soil quality. This knowledge base extends beyond systems focused on production to heavily disturbed systems, where the success or failure of ecological restoration can be linked to the degree to which soil ecological knowledge is applied in design ( Heneghan et al. 2008 ) . One caveat with working in urban ecosystems is that notions of reference, baseline, and functional goals often have to be modifi ed for the particular context and case in question ( PavaoZuckerman 2008 ) . City planners and managers are often aware of urban environmental challenges at both local and regional scales, and the framework of ecosystem services can be used as an integrating concept to guide planning, management, or research in urban ecosystems. More efforts need to be made to conduct research on urban ecosystem services that integrate the ecological sciences with the practice of planning, design, management, and restoration. Opportunities for management intervention for urban soils to improve ecosystem services can be considered either 1) at localized scale, where interventions improve soil quality for ecosystem services, or 2) at the scale of the urban landscape, where interventions increase the surface area of soils for ecosystem services.
Local scale improvements
Local scale interventions to promote ecosystem services often incorporate a mechanism to improve soil organic matter contents, as this is a key variable affecting soil biology and biogeochemical function, while often organic matter contents are depressed in cities. The use of organic soil amendments is a fairly successful strategy for ameliorating the impact of soil compaction on plant roots ( Kozlowski 1999 ) . Byrne et al . ( 2008 ) found that the use of organic mulches (rather than rock) promoted the biomass of soil faunal groups, with likely feedbacks into nutrient cycling rates. Zhu et al. ( 2004 ) suggest that management techniques to increase soil carbon pools, such as leaving grass clippings on site after mowing, can facilitate the use of soils in retention basins to remove nitrogen from surface waters through stimulation of denitrifi cation. Organic wastes (e.g. food scraps, yard waste, sewage) are a readily available resource in cities that could be accumulated at the household or municipal scale for urban soil improvement, and innovative projects such as Growing Power, Inc. are using such aggregations of compost to promote urban agriculture despite locally poor soil quality ( Sievert 2006 ) .
Management of soil organisms (either targeting exotic species or promoting endemics) may also help restore soil ecosystem services in cities. Heneghan et al. ( 2006 ) point to an interaction between exotic earthworms and an invasive plant (European buckthorn), where efforts that solely target the removal of the plant to meet goals of native plant restoration in Chicago ignore feedbacks between the earthworms, plant litter, and soil nitrogen. It is the removal of the invasive earthworm, or ameliorating their soil impacts, that facilitates the removal of the invasive plant, and thus the restoration of ecosystem services provided by native plant species. Fungal populations are often reduced in cities ( Pouyat et al. 1994 ) suggesting that the benefi cial effects of mycorrhizal fungi for plants may be missing. Handel et al. ( 1997 ) report that depressed mycorrhizal inocula contributes to the failed establishment and root growth of plants used in landfi ll restoration. And while inoculation with mycorrhizal fungi can help promote the establishment of plants on degraded soils, it can also have additive impacts on ecosystem services by promoting microbial enzyme activity and aggregate stability in restored soils ( Alguacil et al. 2005 ) .
Most efforts to improve soils for ecosystem services are done at a very local scale, and models often assume a linear increase in the benefi t that these elements will provide. However, these returns are likely to be non-linear on the ground as the percent urban cover that they impact increases. Gober et al. ( 2010 ) found a non-linear increase and ultimate saturation of the benefi t of using greenspace to mitigate the urban heat island effect. Non-linearities can be driven by the heterogeneous and unequal (and often inequitable) distribution of capital and plant cover and diversity in the urban landscape ( Gober et al. 2010 ) . Further research to extrapolate and link local scale improvements of soil quality to the improved provision of ecosystem services at the city or urban landscape scale is needed.
Urban scale intervention
In addition to localized improvements of soils quality, environmental policy and regulations can promote healthier soils and a reduction in the proportion of sealed soils in cities. For example, new legislation in England targets driveways in an effort to unseal soils and promote ecosystem services such as drainage, fl ood reduction, and pollution abatement by requiring the use of permeable paving when gardens are paved over ( Davies et al. 2011a ) . Tree planting programs can mitigate the effects of soil-sealing and other urban soil impacts, with several largescale efforts are underway, such as the Million Trees Projects in New York City ( http://www.milliontreesnyc.org/ ) and Los Angeles ( http://www.milliontreesla.org/ ), which seek to use urban reforestation to increase ecosystem services in cities. One caveat for such projects and extrapolation to soil improvements is that the allometric models that have been used to estimate the growth of trees in cities and the ecosystem services they provide were developed for non-urban trees and may misestimate tree growth on the ground ( McHale et al. 2009 ). Further research should redefi ne these models for urban environments and also make direct measures of the soil feedbacks (i.e. carbon sequestration) related to ecosystem services.
In addition to unsealing soils and reforestation efforts, novel ecosystems are being created or restored in cities to increase the percent cover of ecologically functional space in the urban landscape. For example, wetlands are often created for the purposes of nutrient retention ( Hogan & Walbridge 2007 ) , and incorporation of soil knowledge into these designs will help reach performance goals as they relate to ecosystem services. Green roofs provide another opportunity to bring new ecosystems into cities, and promote soil ecosystem services of nutrient retention, storm fl ow reduction, and carbon sequestration ( Oberndorfer et al. 2007 ). Felson and Pickett ( 2005 ) promote designed experiments, where designers and ecologists can integrate ecological research and landscape design elements together to better test the effi cacy of BMPs and green infrastructure in cities. Ecologists and designers could collaborate in a replicated study/installation where design elements make use of novel structured soils to help integrate plants into storm water management ( Bartens et al. 2009 ) in comparison to "controls" that use in situ urban soils, providing both the green infrastructure that might be desired in a city and also the ability to robustly study these installations from an ecological perspective.
Urban assessment for ecosystem services
Cities are the least well characterized ecosystem type in the Millennium Ecosystem Assessment (2005) which is due in part to a relative lack of study of urban ecosystems at a broad an integrated scale. As efforts are made to expand our understanding of the ecology of urban areas, it is important to recognize the need to improve the spatial characterization of urban soils for ecosystem services as part of this expansion of data sets. Fordyce et al. ( 2005 ) , for example, illustrate the importance of national scale mapping of urban geochemistry for broader purposes of restoration, human health risk assessment related to toxins and pathogens, and soil links to water quality. That said, even when large-scale inventories are made, many regional estimates of ecosystem services fail to consider the possibility that cities contribute positively to ecosystem services. Davies et al. ( 2011b ) illustrate the importance of scale in inventories by mapping an ecosystem service (carbon storage) at the scale of a city, and show that national estimates underestimate the urban contribution to carbon storage by an order of magni-tude. So, while mapping and inventories may help to better estimate ecosystem services, current efforts to provide integrated urban data sets (including the US National Science Foundation Urban Long-Term Research Area sites and National Ecological Observatory Network) should consider the appropriate scales for measurement and assessment.
Complicating the discussion of urban soil ecosystem services is that the demand for urban ecosystem services has been discussed and studied to a much lesser degree than environmental impacts of urbanization ( McDonald 2009 ). Accounting for demand will help with environmental decision making on the ground, as the spatial arrangement of demand, land use, population density, etc. have important implications for how ecosystem services might be managed in cities and urban regions. In cities we may see tradeoffs between approaches that look to either 1) conservation planning, purchasing open space for conservation and parks or 2) designing novel patches. Building from the interdisciplinary foundation of the ecosystem service concept will be an important step in moving forward with monitoring studies and application of the idea from a planning and management perspective. For example, Pataki et al. ( 2011 ) suggest that addressing potential tradeoffs in ecosystem services in cities will require both integrated studies of multiple biogeochemical cycles and the incorporation of assumptions via cost-benefi t analyses within a decision support framework.
Finally, when considering urban ecosystem services, it is important to recognize the distinction between urban and more natural ecosystems. Cities refl ect the integration of physical, biological, economic, and cultural processes on the landscape. Research and management of urban ecosystems should therefore proceed from an interdisciplinary social-ecological system framework ( Alberti et al. 2003 ; Colding 2007 ) . From this perspective, an overlooked "service" that soils provide is support for the physical structures in the built environment that give an urban ecosystem part of its structure. Anderson and Otis ( 2000 ) describe consideration of soil texture, chemical composition, and hydrologic properties that relate to the construction and longevity of buildings and roads and the stability of soils that support such structures. The character of urban soils has been linked to building stability and can result in negative impacts on building structures through time (essentially an ecosystem disservice) ( Gould et al. 2002 ) . Consideration of soils for the purposes of construction shifts focus from the more commonly discussed ecosystem services we are concerned with preserving (biodiversity, nutrient cycling, etc.); however, when dealing with urban systems an appropriate element to be discussed when considering a full accounting of the costs and benefi ts related to ecosystem services in the context of urbanization, urban density, and tradeoffs between "sealed" soils vs. open spaces that can provide services.
Summary
Despite being systems that are characterized by densely built environments and that draw heavily on surrounding ecosystems for goods and services, cities are places that can provide ecosystem services. There exist potential trade-offs between the use of urban space for what we usually consider the services of cities (trade, housing, entertainment) and the ecosystem services we might desire a city to have to promote sustainability and resilience. Moreover, cities often negatively impact the ability of an ecosystem to provide services. Soils are the foundation of ecosystems, and can serve that role in cities, acting as a foundation for reconciling the trade-offs between environmental impacts and the desired ecological components we seek from sustainable cities. However, much place-specifi c studies are required to advance the concept of urban ecosystem services, and to determine the limits and opportunities of what we might expect from urban soils. Working from an interdisciplinary perspective and in collaboration with planners, designers, and city managers will bring soils to the forefront of ecological consideration and simultaneously provide new opportunities for study and for generating urban landscapes that yield what ecosystem services they can.
